Urban and Regional Planning

Introduction
Expansion of urban area due to increase in population and migration from rural areas and the impact is bound to have on Urban areas in terms of infrastructure, environment, water supply and other vital resources. For organized way of planning and monitoring the implementation of physical urban and regional plans high-resolution satellite imagery is the potential solution. Remote Sensing data is being widely used for urban and regional planning, infrastructure planning mainly telecommunication and transport network planning, highway development, accessibility to market area development in terms of catchment and population built-up area density, etc. With remote sensing it is possible to identify urban growth, which falls out side the formal planning control and remedial measures can be taken timely to provide necessary basic infrastructure to improve health and hygiene.
Remote Sensing and GIS technique combined together facilitate the planners, in making decisions, for general public and investors to have relevant data for their use in minimum time. The advantages and utilities of both the techniques are given below. Even though the initial investment is slightly higher to organize digital data base for using GIS, its utility is immense in coming years. The data can be updated at regular intervals and the data will be transparent and it will be useful for public participation in planning process. However, remote sensing data, limited use was made for resource inventory with course resolution data. Slowly with Thematic Mapper (TM) the resolution was increased to 30 mts and more details were seen on the image. This data was also used in urban and regional planning in limited way like urban sprawl mapping and land use inventory etc. IRS 1A/1B which is near equivalent to TM data was widely used in our country for resource mapping and land use mapping and same data was used in preparation of Regional plans of BMRDA and as well mapping of land use of National Capital Territory (NCT), Delhi for 1993. With SPOT satellite the resolution further improved to 10 mts and this data was used in urban planning as well in regional planning to update the land use and base details. IRS-1C/1D satellite provided 5.8 m high-resolution data, which was used in preparation/revision of development plan. This data was used in revision of development plans of Hyderabad Urban Development Authority (HUDA) planning area, for Ahmedabad Urban Development Authority (AUDA) planning area, Jammu Urban Development Authority (JUDA), Pimpri Cinchwad Municipal Corporation and other towns. Now Cartosat-1 of 2.5 meter resolution, Cartosat-2 of 1 meter resolution and Resourcesat LISS-IV of 5.8 meter resolution data being used for base & land use thematic mapping of Hyderabad Metropolitan Area and Dadra Nagar Haveli (UT) on 1:10000 and 1:5000 scales. The IRS high resolution Cartosat-1 Satellite data is being used up to class-1 towns for generating thematic information under National Urban Information System (NUIS) approved by the Ministry of Urban Development (MoUD).
Urbanization Scenario and Issues: Global and National
The world's population is quickly becoming urbanized as people migrate to the cities. Figure 5 .1 shows the urban population growth between 1950 and the year 2000. In 1950, less than 30% of the world's population lived in cities which grew to 47% in the year 2000 (2.8 billion people).
According to UN reports, half of the world's 6.7 billion people are expected to live in urban areas by the end of 2008. The world population is expected to increase to 9.2 billion, by 2050. By that time, urban population is expected to rise from nearly 3.4 billion in 2008 to 6.4 billion in 2050. Also, these are global figures. When the data are disaggregated by world region, they show marked differences in the level and pace of urbanization. In the Americas, Europe, and Oceania, the proportion of people living in urban areas is already over 70%. Although the figures for Africa and Asia are currently much lower, 39% and 37%, respectively, many cities in those regions will double their populations in the next fifteen years (UN 2006) .
Developed nations have a higher percentage of urban residents than less developed countries. However, urbanization is occurring rapidly in many less developed countries, and it is expected that most urban growth will occur in less developed countries during the next decades. The urban population of India according to the population census 2001 was 285 million spread over 5161 urban agglomerations/towns. The urban population has been growing at a much higher rate than the total and the rural population as a result; its proportion in the total population has increased from around 11 % in 1901 to about 28 % in 2001. Cities with over 5 million inhabitants are known as megacities. There were 41 in the year 2000. This number is expected to grow as the population increases in the next few decades. It is predicted that by the year 2015, 50 megacities will exist, and 23 of these are expected to have over 10 million people.
In India, the Class I urban agglomerations/cities accounted for 62 percent of the urban population of the country in 2001. A further breakup of the population of cities indicates that the majority (42%) of the population of Class 1 urban agglomerations/ cities lives in 27 metropolitan urban agglomerations/cities with a population of more than a million each. Class I cities account for roughly 61% of country's urban population. Almost one-fourth of the total urban population is living in more then one million population cities (Table-5 .1). The rapid growth of urban areas is the result of two factors: natural increase in population (excess of births over deaths), and migration to urban areas. Migration is defined as the long-term relocation of an individual, household or group to a new location outside the community of origin. Today, the movement of people from rural to urban areas (internal migration) is most significant. Although smaller than the movement of people within borders, international migration is also increasing. Both internal and international migration contribute to urbanization.
Urbanization refers to the process by which rural areas take on urban characteristics. It also refers to more concentration of people in human settlements. The urbanization process is much more than simple population growth; it involves changes in the economic, social and political structures of a region. While the current pace of urbanization is not unique in human history, the sheer magnitude is unprecedented, with vast implications for human well-being and the environment. Rapid urban growth is responsible for many environmental and social changes in the urban environment and its effects are strongly related to global change issues. The rapid growth of cities strains their capacity to provide services such as energy, education, health care, transportation, sanitation and physical security. Cities have become areas of massive sprawl, serious environmental problems, and widespread poverty. The intense concentration of population, industry and energy use has lead to severe local pollution and environmental degradation. Furthermore, a city's ecological footprint extends far beyond its urban boundaries to the forests, croplands, coal mines and watersheds that sustain its inhabitants.
City dwellers in developed countries, characterized by some of the highest per capita levels of consumption in the world, are largely responsible for these trends. While an American city with a population of 650,000 requires approximately 30,000 square kilometers of land to service its needs, a similar sized but less affluent city in India requires only 2,800 square kilometers (UNEP, 2005) . Similarly, urban residents in the developed world generate up to six times more waste than those in developing countries.
However, developing countries are becoming wealthier and more urban, bringing their consumption levels closer to those of the developed world. As a result, they are fast becoming significant contributors to the global problems of resource depletion and climate change. In the cities of the developing world, where population growth has outpaced the ability to provide vital infrastructure and services, the worst environmental problems are experienced with severe economic and social impacts for urban residents like inadequate household water supplies, waste accumulation, unsanitary conditions etc. Developing country cities also experiencing the worst urban air pollution as a result of rapid industrialization and increased motorized transport.
Nevertheless, cities possess unparalleled potential to increase the energy efficiency and sustainability of society as a whole. They have an unrivaled capacity to absorb large population sustainably and efficiently. With proper planning and long-term vision, dense settlement patterns offer economies of scale that can actually reduce pressures on natural resources from population growth and increase energy efficiency. Because people live close together and need less space in cities, each person requires less critical infrastructure like sewers, electricity, and roads than in suburbs or other decentralized human settlements. Innovations in building construction, energy efficiency, waste management, and transportation are just a few of the ways that we can make cities mores sustainable.
Given increasing responsibilities and limited funds, city governments must make strategic choices about which environmental and social problems to tackle first. This will require balancing immediately pressing environmental problems such as water and sanitation with long-term concerns such as energy use and climate change, while also reconciling the often competing demands of economic growth and environmental protection. The choices made in cities today will help determine the extent to which urbanization will be a positive force for human development and the future of the global environment.
So, as we understand, although one of the key geographical developments over the last two centuries has been that of urbanization, it has also raised various issues and problems. It is essential for governments, planners and researchers to understand and study the urbanization process and its associated problems. Latest technologies like Remote Sensing and Geographical Information Systems (GIS) can help resolve some of the urban issues and also acquire best approaches for urban planning, governance and management.
Planning Approach
Planning is continuous process and for the planning condition of the land on which the settlement is built, its effects on the surrounding lands and the change occurred in land use determines the importance of land resource and its use by mankind. Thus, a sustainable habitat planning demands a comprehensive understanding of the different uses of land. In order to prepare urban development plan, the planners need detailed information on the distribution of land and its use in city and its surroundings. For example, the city planners and engineers are required to plan optimum routes for transportation, construction of better utilities, pipe lines for water, gas sewerage with minimum construction cost as per different terrains. For planning these utilities in better way the availability of total information in a spatial and tabular form assumes importance. It also becomes essential to integrate both spatial and non-spatial information for perspective planning and management. With the advent of remote sensing and GIS, the city planners have begun to evaluate the resources though a multi disciplinary approach for timely results and with less preparation cost and man power support. The process of planning is political in nature in the sense that it must deal with the value of many groups of people within the area where planning is conducted. Planning is also predictive in the sense that it must identify alternative future and evaluate these in terms of goals which are based on values. The general concerns of planning are physical, man made or built environment and natural environment, economic, political, social and fiscal. Out of the stated planning activities, remote sensing is most useful for depicting information on physical component, especially the natural component of the physical environment. Under Jawaharlal Nehru National Urban Renewal Mission (JNNURM) it is mandatory to reform urban local bodies wherein one of application is e-governance using IT applications, such as GIS and MIS for various services. To carry out such application one of basic requirement is satellite/aerial data. The urban and regional development plans are of four types based on the requirement of plan implementation (Table 5 .2). The Perspective Plan is a long term (20-25 years) written document supported by necessary maps and diagrams providing the state government with the goals, policies, strategies and general programmes of the urban local authority regarding spatio-economic development of the settlement under its governance.
The Development Plan conceived within the framework of the approved perspective plan, is a medium term (generally five years) plan providing the people comprehensive proposals for socio-economic and spatial development of the urban centre indicating the manner in which the use of land and development therein shall be carried out by the local authority and other agencies.
Annual Plan, conceived within the framework of a development plan, is a plan containing the details of new and ongoing projects that the local authority intends to implement during the respective financial year and for which necessary fiscal resources shall be mobilized through plan funds and other sources.
Projects/schemes Conceived within the frame work of approved development plan, projects/schemes are detailed working layouts with all supporting infrastructure, and documents including cost of development, source of finance and recovery instruments for their execution by a public or private agency.
Remote Sensing & GIS Technology use in Urban and Regional Planning Information
Remote sensors may be categorized as passive sensors -which observe reflected solar radiation -or active sensors -which provide their own illumination of the sensed object. Both types of sensors may provide images or simply collect the total amount of energy in the field of view. Sensors can be located on satellites, piloted aircraft, unpiloted aerospace vehicles or in ground stations; thus, the data acquired by space-based remote sensing instruments feed into a wide array of mapping and other application services.
Remote sensing instruments provide unique views of Earth and its processes. Space -based sensors gather data from Earth's atmosphere, land and oceans that can be applied to a wide variety of resource management tasks. One of the best known of these applications is the collection of satellite images (NOAA, visible and nearinfrared radiometers, for example) of the weather and storms that appear on the television and newspapers. Such images, along with sounding and other data, allow forecasters both to predict the paths of severe storms as they develop and to predict weather in advance. Government agencies with the responsibility of managing large tracts of land, or of providing information regarding land conditions, make use of data from the land remote sensing satellites. Commercial data users with interests in agriculture and forestry, land use and land cover, geological information, and mineral exploration, and many other industrial sectors also use data acquired from the land remote sensing satellite systems. In Urban and Regional planning field, IRS products are widely used for urban sprawl and land use/land cover mapping, Utility planning and management, Infrastructure planning and location of major industrial, recreational, institutional facility in context to the Region.
While most local environmental surveys still depend on manual interpretation of aerial photography, the use of digital imagery for regional and urban analysis is now commonplace and will undoubtedly increase in the future.
As a source of geographical information, digital remote sensing represents more than a simple extension of conventional aerial photography, requiring fundamentally different approaches to the analysis of Earth surfaces. In GIS context, especially the important features of remotely sensed data are their sampling characteristics in the space and time domains.
Maps for centuries have been an important means for storing, analyzing and communicating information about geographic phenomena. The GIS is systematic procedures for automatically doing what maps have been doing for centuries. However, the base of the GIS is a data file from which maps can be made, whereas the map file itself is the traditional database. The data base manipulation techniques, which include various analytical functions and data processing function, which can be performed on spatial, automated data. Since Remote Sensing Satellites provides continuous images once the database is created in GIS environment, which allows updating and results can be obtained in less time and used for decision making.
The advantage of Remote Sensing data:
• It provides reliable data at regular intervals • It provides base data that is built-up area information and location • It provides land use land cover information • It provides base for plan monitoring and implementation
The advantages of GIS:
The GIS is widely used in Urban/Regional Planning is wide because of following advantages over traditional system of keeping maps. • Data is maintained in a physical compact data files • Large amount of data can be maintained and extracted at will with great speed • Various computerized software modules/tools allow for variety/type of manipulation, including map measurement, map overlay, transformation and geographic design and data manipulation • Graphic and non-graphic information can be merged and manipulated simultaneously in a related manner 
Retrospective
Before making any development exercise the first task, both from planning point of view and statutory requirement, is to prepare or obtain a reliable accurate and upto-date base map of respective city and its region for which plan is being prepared. Data is collected from conventional source and data was analyzed in conventional forms for preparation of Development Plan/ Regional Plan. Area estimation was done through planimeter and grid method. The conventional secondary data sources are mentioned below. The shortcoming of above data source is not upto date and survey year is different for each data source which creates complication in data compilation. Data inaccuracy is incorporated due to mechanical mode of adjustments of maps. In absence of latest survey sheets, employing the field survey to record land use or any other details for planning purpose is difficult. Thus, the task of plan preparation takes longer time. By the time plan is approved lot of development takes place, which creates problem in implementation. To speed up the process of data collection, satellite images were used from 1972. In early days the resolution was coarse and thematic details were not up to the level of users in urban planning.
The base map was prepared from available map source and land use inventory was carried by field survey method or from revenue records. The colour maps and single column area table were made for analysis. Plan document contained more of tables and less of spatial details.
For few cities one time digital data was prepared and used for preparation of Regional / Development Plan. The analysis was limited to generation of area estimates and preparation of thematic map plots.
Prospective
So far conventional source data have been the major input for generation of base maps for preparation of development plans. Of late the emerging techniques of aerial photography and remote sensing are being used increasingly for generation of base maps and updating of existing base maps in conjunction with conventional collateral data and limited field survey. Now, IRS Cartosat-2 satellite provides 1-meter resolution of the panchromatic data enables planners to distinguish ground features as small as 1-meter. The accuracy and interoperability of the imagery makes ideal for mapping analysis.
With increase in spatial resolution, GIS database expected to increase many folds due to amount of information available in the image. Each Urban Development Authority/Town and Country Planning Organisation (TCPO) or Regional Planning Board expected to have advanced data processing systems. The information pertaining to development plan (DP) is expected to be on web site where citizen can interact with Development Authority for their need. This will increase citizen's participation. As per the 74 th amendment, each Panchayat /Municipality will have power for preparation of Development Plan and execution. Since the town areas are small, with high-resolution data land use variation can be mapped, GIS will help in updating information and data retrieval for citizens.
To increase the public participation web based packages are expected. The web is best available mechanism for providing the general public with route for direct involvement in the planning process and access to relevant data including, • Access to relevant spatial and non-spatial information in a multi-media format (text, graphics, maps, photographs, video, animation and sound); • Access to relevant planning tools (including GIS) via intuitive and user-friendly interfaces such that little or no prior training is required; • Access to problem-specific data for use with the above; and • Formal and informal mechanisms for communication with other users for the exchange of ideas, feedback and comparison of decisions made without the social and psychological barriers normally associated with more formal channels such as open planning meetings and written/telephone correspondence
The other area will be Multimedia planning Technologies in Planning where it is possible to manipulate and display the following types of data: • Text of infinitely variable size and structure; • Still images, like bitmaps and raster, either generated or captured and digitized; • Still and animated computer-generated graphics; • Audio, whether synthesized or captured and replayed sound; and • Video or moving frames Multimedia software applications are computer tools based on the simultaneous display and processing of several types of multimedia data. These tools allow for interactive exploration of the data. Base information and Plan details should be translated to soft copy form. The working procedures are to be developed to adopt the new approach in planning. Although automated GIS are just beginning to have practical benefits, they have been adapted to many application areas.
. Role of Remote Sensing
Remote sensing (RS) data depicts spatial location of various activities and analyzing the linkages between activates, regional plan, development plan and environmental plans are prepared. RS data is immensely used in creating database on following aspects and with GIS data analysis tools, information can be processed as per the planning requirements. 
Perspectives Plan/ Development Plan preparation
Review of literature
Urbanization is an index of transformation from traditional rural economy to modern industrial one. It is progressive concentration (Daveis, 1967) of population in urban unit. In the 21 st century the majority of the world's population are living in urban areas for the first time in the history (Miller, 2003) . In 1892, the famous city planner Patrick Geddes had leased an observatory in Edinburgh to set up the "Civic Observatory and Laboratory" with a goal "Outlook Tower" as it came to be known -to give visitors insight into the plan, function and inner working of the city Edinburgh (Geddes, 1915) . More than a century later urban historians can still learn from Geddes' idea of taking a view from above city/town for effective Urban planning (Jensen and Keys, 2003) .
There has been a strong interest in using earth observation data in urban areas for several decades (Tuyahov et al., 1973; Jensen, 1983; Haack et al., 1997) . In an early attempt to relate remotely sensed reflectance to socioeconomic parameters, Forster (1983) devised a classification scheme for Landsat imagery that could be applied to urban areas to produce a residential quality index. Remote sensing data have also been used in attempts to estimate population (Lo, 1986 and and quantify urban growth and land use (Mesev et al., 1995; Stehanov et al., 2001) . Welch (1982) conducted a resolution analysis of satellite sensors and demonstrated that 0.5 to 10 m spatial resolution is necessary to adequately characterize urban infrastructure in most of the cities/towns. Jensen and Cowen (1999) have identified a hierarchy of urban/suburban attributes that can be measured using remote sensing data. The current/near future high resolution satellite data from Cartosat-1/2, Cartosat-3, RISAT, ASTER, LANDSAT ETM in optical, microwave, infrared, thermal will begin to meet urban needs.
Remote sensing data provides reliable information on urban growth and current land use changes. Aerial photos, IKONOS and QuickBird images over a decade were used to monitor and analyze urban growth in Al-Seeb Wilayat, Oman by Al-Awadhi and Azaz (2004). For urban development in metropolitan area of Athens, multispectral satellites images were used to locate and identify the irregular settlements zones (Weber et al., 2005) wherein indicators such as indices, Brightness Index and Normalized Difference Vegetation Index; and supervised classification methods were applied to the images. In order to locate and identify these regions, common biophysical characteristics related to the urban and sub-urban landscape structures were identified. Results were integrated within a Geographical Information System (GIS), allowing the user to check the legal situation of the classified areas. Such techniques are very fruitful to identify specific irregular settlements in organic growth.
A study on urban growth in Istanbul has also been done using Landsat 5 TM and Landsat-7 ETM+ satellite data (Kaya, 2007) . After the classification of the images separately, eight main land use/cover classes were obtained and the classified outputs were compared to get the extent of urban growth and land use change. In another study carried out for Shiraz city in Iran, different satellite images since 1976 to 2005, and population census of Shiraz city in this time period were used wherein the land use coverage for different dates were classified and measured (Ibrahim and Sarvestani, 2009 ).This was further used to calculate the built-up and vegetation per capita with respect to population which helped in estimating the reduction in natural resources due to urbanization and population increase.
Urban planners also require information related to the rate of growth, pattern and extent of sprawl to provide basic amenities such as water, sanitation, electricity, etc. In the absence of such information, most of the sprawl areas lack basic infrastructure facilities. GIS and remote sensing data along with collateral data helps in analysing the growth, pattern and extent of urban sprawl. A study on measuring urban sprawl through 'Entropy Approach' for patterns of urban growth over different time scales done by Lata et al., (2000) , has discussed the use of remote sensing data and GIS for quantifying the urban sprawl trends at various land use sites, viz., commercial, industrial, residential sensitive and mixed zones. IRS-1C Pan sharpened merged data was used and entropy was used to indicate the degree of urban sprawl by examining whether land development in a city is dispersed or compact.
A larger value indicated occurrence of urban sprawl. With the spatial and temporal analyses along with modeling it has been possible to identify the pattern of sprawl and subsequently predict the nature of future sprawl. The work done by Sudhira et al., (2004) has brought out the extent of sprawl taking place over a period of nearly three decades in Mangalore city, India, using LISS-III satellite data and GIS techniques. The study has also attempted to describe some of the landscape metrics required for quantifying sprawl. Remote sensing and GIS provides vital tools which can be applied in the analysis of land use / land cover and change in rural fringe as well at city level.
The study done by Nigam (2000) evaluated the effectiveness of High-Resolution satellite data and computer aided GIS techniques in assessing the land use change dynamics within the city as well in fringe. The methodology adopted involved the visual interpretation of land use on accurate overlays with the land use classification.
The land use maps were crossed with each other to identify and quantify the land use changes types. Finally, hot links and user interface were developed so that the information could be provided to the user.
Satellite data in association with GIS provides cost effective methods for infrastructure planning and urban environment assessment studies. Landsat satellite data have been used to provide information for integrated land resources, agriculture and rural access road planning in Atacora Province, Benin (Beaumont,1992) . Sriram et al., (2001) in their study have used IRS LISS II data to determine the least cost alignment of highway in Panchmahal and Dahod districts, Gujarat,India. Site selection for waste disposal has been identified using IRS-1C-PAN (5.8m spatial resolution) and LISS-III (23.5m spatial resolution) satellite data for Ranchi Municipal area (Upasana and Nathawat, 2001) . Rajaram et al., (2001) have used Indian Remote Sensing data along with ground information on water and air quality to carry out Environmental Impact Assessment study for Konkan railway alignment in India.
In another study done by Cristina et al., (2003) human settlements and photosynthetic activity derived from satellite data have been used to monitor the impact of human activity on the environment in Mediterranean basin.
Quantification of green space patterns is a pre requisite to understand green space changes in urban areas and is essential for monitoring and assessing green space functions. This study (Kong et al., 2005) presented a new method for quantifying and capturing changes in green space patterns supported by GIS and remote sensing, the method comprised of quantification of local area green spaces by the "moving window" technique (using FRAGSTATS), and a gradient analysis involving sampling from the urban center to the fringe. In another study by Satellite data has lot of applications in the field of landscape archaeology also. The utility of satellite remote sensing techniques towards locating and identifying ancient ports of Gujarat in India were studied in detail by Thakker (NNRMS, 2000) . High resolution satellite data has also been used to study the ruins of Hampi, Karnataka, India by UdayRaj et al., (NNRMS, 2000) .Interrelationship between palaeo drainage courses and sites in Saraswati Basin, India have been studied using remote sensing data by Gupta et al., (NNRMS, 2000) . Nalanda and other archaeological sites like Kausambi, Ahichhatra, Lumbini, Sravasti were surveyed for their ruins using satellite remote sensing techniques by Thakker (2001) . of India launched a National Urban Information System (NUIS) with an objective generation of multi scale (10 K, 2 K & 1 K) hierarchical Urban Geospatial database including thematic data for various levels of Urban Planning, Infrastructure development and e-governance using satellite, Aerial and Ground Penetrating Radar (GPR) techniques for all the 5621 Urban Local Bodies (ULB's). In NUIS phase-I, 152 towns covering at least 3 to 4 cities/ towns in all states have been taken up and will be completed by July 2010 (NUIS, 2006) . Because many ULBs in India or other part of world were now using IT as an administrative tool, the capacity for integrating remote sensing images and other GIS data for day-today urban e-governance applications were relatively wide spread and is beginning to be the focus of research.
5.7.
Major Application Projects 5.7.1. Regional Planning
Regional plans are prepared for metro regions, city/town conurbation and special economic zones. The main objective of the plan is to provide guideline for development direction, polices of land use regulation, and land use zoning for future development considering the national / local polices. One of the vital input towards preparation of these plans is existing land use / land cover spatial information.
Regional Plan 2021 of National Capital Region (National Capital Region Planning Board (NCR-PB))
The project aim was to generate inputs on urban sprawl, existing land use, and image atlas using high resolution data. The National Capital Region (NCR) covers an area of 33578 sq km consists of National Capital Territory (NCT) of Delhi (1,483 sq km), sub-region, Haryana (13,413 sq km), sub-region, UP (10,853 sq km) and Rajasthan (7629 sq km) surrounding Delhi. Its population is expected to increase from 370 lakhs (2001) 
Master / Development plan
The scale of plan is large compared to regional plan. These plans are prepared as per the sate town planning act. The objective of the plan is to show future urbanizable zones, proposed land use structure, public utility network including transportation system and conservation aspects. Since the scale of plan is large, IRS high resolution images are suitable for extracting physical inputs towards preparation of plans. Since the 1984 base maps had become out dated, in 1999 -2000 HUDA, launched a joint project with the National Remote Sensing Agency (NRSA), Hyderabad to update not only base maps but also the land use maps for the non MCH area with the help of IRS Satellite (LISS III and PAN) as well as ground verification in 2000. The NRSA -HUDA study produced colour coded thematic land use maps (47 plates) for the non-MCH area in 1:10000 scale (approx). It was thus possible to have updated physical features and land use within a short period of time a fairly high degree of accuracy suitable for land use planning at metropolitan sale. A major benefit of this Land Use data is that is available in GIS base. The map can be further modified and additional non-geographical information incorporated as and when needed. Land Use statistics are generated.
As per the area estimate, residential area is about 12.7 % where as agriculture and vacant category is 66 % of the total study area. Residential land requirement estimated for 2020 is about 421 sq.km taking 550 persons per hectare (PPH) in MCH & 250 PPH in non MCH) and additional requirement estimated to around 132 sq.kms.
Creation of Urban Landuse database for Dadra & Nagar Haveli (UT) for Development Plan using Remote sensing & GIS techniques:
The preparation of a Development Plan of a town and its urbanisable area is based on understanding the geo-graphical location, spatial distribution pattern and composition of present landuse and socio-economic data. Preparation of development plan of a town is the statutory requirement according to the State Town Planning Act. Towards this, high resolution Cartosat-1 (PAN) ortho corrected data of 2007 was interpreted and using GIS techniques and a spatial database was prepared at 1:10000 scale. Further the database details were updated using Cartosat-2 data on 1:5000 scale. The Cartosat-2 of 2007 data was othocorrected using Cartosat-1 stereo data and by using GCPs. The study area covers an area of 490 sq.kms. and is surrounded by Valsad District of Gujarat and Thana District of Maharastra. The Census (2001) 
Infrastructure Facility Mapping
These plans are prepared within the frame work of national / local development polices. Basically the aim of this plan is to develop efficient way of optimizing the infrastructure and facility network. These plans are also useful for management purpose. Data capture of existing infrastructure and location of facilities is possible with high resolution satellite imagery and aerial photos. Route alignment of infrastructure and facility location analysis is possible with GIS.
Route Alignment Study of 400kv D/C Teesta -V -HEP to New Siliguri Transmission line using IRS-Satellite Imagery and GIS techniques:
Remotely sensed satellite data offers a very useful scientific base for carrying out the route alignment corridor surveys, because it provides information on terrain features such as topography and slope, current land use, forest/vegetation cover, water bodies / drainage, built-up areas, road, rail, sanctuaries/parks and others which are the guiding factors to support the decisions during the Pre-feasibility and Feasibility studies. Further, GIS helps in carrying out the integration (spatial and non-spatial data) and the spatial analysis to support the decision process.
Under the project, the route alignment corridor survey between Teesta-V-HEP in Sikkim and New Siliguri town in West Bengal was undertaken for Powergrid Corporation of India Limited, Gurgaon, Haryana. The study was conducted using the topomap data in conjunction with other collateral maps, ground traverses to identify three alternate routes based on, 'maximum avoidance criteria' indicators. The selection of the optimal route (from the three alternate routes) was based on IRS PAN+LISS-III merged satellite data and DEM analysis using a 'semiautomated' method in a GIS environment ( figure 5.4) .
Thus, final route selected, covers a ground distance of 105.05 km between Teesta and New Siliguri town. Different sets of map like the base map, land cover map, flood sub-mergence maps, terrain profile map are prepared on 1:50,000 scale supported by area estimates, number of crossings and angular bends of turnings of the final route line alignment. M/s Reliance Gas Transportation Infrastructure Limited (RGTIL), Mumbai planned to connect Chennai and Cuttack with Kakinada through a Gas pipeline (~1200 Km) for supplying LPG. Towards this, for optimization of Route alignment and fixation of corridor, a feasibility study has been initiated using geospatial techniques.
Cartosat-1 PAN (2.5 m) stereo data (2007), orthorectified with the help of DGPS derived GCPs is used for generating the primary avoidance layers like, extent and spatial distribution of habitations, waterbodies (rivers/ streams and tanks/lakes), wetlands, wastelands, vegetation, geology, soil and disaster prone areas. Legacy data like administrative boundaries, forest boundaries, national parks / sanctuaries is collected and geospatial database is created as per the methodology developed on rule base using GIS techniques.
Desktop route is examined through overlay method to generate alternate routes between starting and end points through Maximum Avoidance Criteria, and the final alignment is optimized considering the field data. Using GIS tools, buffers of 30 m & 200 m are generated for the final route. The statistics of Turning Points (TPs), segmented distances between TP's and extent of passage of final route through the villages are generated using referenced (village) parcel vectors warped to the orthorectified Cartosat-1 PAN data. The study is initially completed for ~500 km stretch between Chennai to Kakinada covering ~220 villages and the outputs have been generated onto a spatial scale of 1:10,000. A sample of the CARTOSAT-1 imagery overlaid with the final route, village/parcel boundaries and buffers is shown in Figure 5 .5.
The results of the study will enable RGTIL to decide on the cost implications and environmental considerations, based on the current pattern of land utilization and infrastructure development. Liquefied Natural Gas (LNG) is assuming greater importance in the energy segment as it is used to operate Power Plants and Industrial (fertilizer) Plants. Supply of LNG from source to various destinations (located in different states) through near sub-surface pipelines is techno-economically feasible and has a definite edge over other modes of transport for bulk quantity supply covering large distances. M/s. Gas Authority of India Limited (GAIL) propose to setup a sub-surface pipeline network covering parts of Kerala, Karnataka and Tamil Nadu for transportation and distribution of LNG supplied by Petronet LNG Ltd. (PLL) through a pipeline to be commissioned between Kochi -Mangalore -Bangalore over a distance of 912 Km .
Here, using IRS-1D (LISS-III) satellite data of 2002 with ground truth data of April 2003 Land Use /Land cover mapping and assessment for the corridor of 1 km has been carried. Also, mapping covering 5 km circles at Receipt and Dispatch stations also been carried. The pipeline segments (5 km interval) passing through each land use/land cover category has been estimated along with the geographical extent of the each of the land use/land cover classes.
The study indicated 693 km length of pipeline passes through agriculture land, 119 km of wasteland, 71 km of built-up area, 23 km of water bodies, 6.4 km of forest and 0.5 km of other land use classes. The total number of crossings (road, rail, canal, river/streams) along the pipeline route is around 891 with maximum number of crossings of the pipeline along road and river/streams. Geographically, agriculture is predominantly covering an area of 663 sq km (74%) land followed by 113 sq.km (13%) wasteland, 81 sq.km (9%) built-up area, 29 sq.km (3%) water bodies, 7.33 sq.km (0.8%) forest and 3.1 sq.km (0.3%) other land uses classes along the corridor. Figure 5 .6 shows one out of 38 maps prepared for the pipeline corridor study. Inputs were used in Environmental Management Plan (EMP).
Urban Information Systems
Urban information system includes both spatial and non spatial data for planning and management of urban settlements. To facilitate planning and management of urban settlements by Urban Local Bodies (ULBs), National Urban Information System (NUIS) project is approved by Govt. of India. The National Urban Information System (NUIS) project was taken up on national mission mode to enable establishing town level geospatial database under a single National (Central) Scheme. Broadly it comprises two major components a) Urban Spatial Information System (USIS) to meet the spatial (base and thematic maps/image) data requirements of urban planning and management functions, and b) National Urban Data Bank and Indicators (NUDBI&I) to develop town level urban database to support development of Indices through a network of Local Urban Observatories (LUOs) under the National Urban Observatory (NUO) programme. The NUIS project envisages developing USIS and NUDBI covering all the 5161 Cities/Towns/UA's in the country in three phases. The Phase-I covers 158 towns with a geographical area approximately 55,755 sq.km. The geographical distribution of towns is given in Figure 5 .7 and conceptual scheme of NUIS and is shown in Figure 5 .8.
The major objective of NUIS is to generate multi-scale hierarchical Urban Geospatial and non-spatial (attribute) databases for various levels of planning and decision support to meet requirements of Urban planning, Management and Governance. Development of Urban Spatial Information System to support and strengthen the outreach of geospatial database to SNA and ULB through the use of GIS tools and techniques to assist in better urban decision making and governance.
The thematic database was prepared at 1:10000 scale using Cartosat-1 PAN and LISS-IV multi spectral Satellite data, 1:2,000 scale database prepared from aerial photographs, and for selected towns on 1:1,000 scale underground assets survey (Water supply and sewerage network) using Ground Penetrating Radar (GPR). NUIS Thematic mapping comprises of 12 primary layers and 4 incorporated layers. 
Primary Layers
Archaeological Studies
Remote Sensing being a nondestructive technique has gained lot of importance in the field of archaeological applications. It has helped in recognising and studying potential archaeological sites on the basis of signature variations on the satellite data. This relevance of this study has been mainly to use high resolution Indian satellite data, and advanced geospatial technologies towards newer applications in archaeology.
Satellite based Archaeological Study of Ancient Nalanda Site and Environs, Bihar:
The Objectives of the study were mainly:
• To establish the feasibility of high resolution satellite remote sensing data in archaeological reconnaissance surveys for identification, delineation and monitoring of archaeological sites • To examine potential sites for further archaeological research and excavations Nalanda is located at 90 km south-east of Patna, Bihar and 11 Km north of Rajgir. The study area covers 16 sq km in and around Nalanda including the 1.5 sq.km present excavated site. It is located between 25° 6' to 25° 10' and 85° 24' to 85° 30' E as shown in figure 5 1974-1982 and recently in 2004-2005 , have revealed the existence of ruins of temple close to the Nalanda. Further, it is stated that the 2500 year old Nalanda University was spread over 16 sq.kms. However, till now only 1.5 sq.kms of the ruins has been reported to be excavated by ASI.
The following datasets were used for the study:
• Satellite data: CARTOSAT-1 PAN Aft and IRS LISS-IV images High resolution CARTOSAT-1 PAN data was used to locate the present site and determine its extent and precincts. Various structures present on the site were identified. IRS LISS IV multi spectral data was used in stand alone mode and also merged with CARTOSAT to observe features in vegetated areas. Since vegetation is highlighted in the multi-spectral data, it would help in the better differentiation of features especially in contrast with vegetation since historic sites are hidden under vegetation. Topomaps were used as a base for the study. The detailed land use / cover like settlements, agricultural fields, waterbodies, exposed ground, roads and canal/streams were also extracted from the imagery following heads up interpretation approach.
The already excavated site was correlated with the neighboring land use to identify its extension. The position and alignment of the structures in the site was studied with reference to existing literature. Some conspicuous features, outside the existing site were identified on the imagery and further verified during the ground truth. Ground Penetrating Radar (GPR) survey was carried out for one of the identified mound, in consultation with ASI, to know and study the sub surface structures and to assess its relation with existing site of Nalanda.
The imagery clearly showed the location, extent, pattern and layout of Nalanda. A comparison of the features in CARTOST-1 PAN image and ASI map ( Figure 5 .11), reveals that nine of Ten Monasteries and four out of the five temples/stupas, with their geometric shape and pattern, were distinctly visible on the image. The left out monastery (No.10) and the temple (No.4) were noticed in ruins during the ground truth visit. The monasteries 1,2 Figure 5 .11: CARTOSAT-1 PAN image (03 Feb, 2006) and ASI map(2006) showing the Nalanda site Figure 5 .10: Location and regional setting of Nalanda site ( source: www.mapsofindia.com) and 3 show the presence of a paved surface over the others (unpaved surface). Other details identified on the image include the compound wall, pathways, entrance to the monasteries, vegetation/trees, tanks, lakes, settlements, approach roads besides the cultivated lands with field bunds. Traces of the compound wall were also seen on the CARTOSAT-1 image. The Newly developed settlement, Muzaffarpur, was seen 200 meters to south of the site. The older settlement, Bargaon, is located at 350 m to the north of the site.
Three conspicuous features identified on the image were confirmed with ground truth as mounds of 4-5 m height. One of them was near Begumpur settlement about 1 km north of existing site and two others were near Jagdishpur settlement about 2-2.5 km south-east, as shown in Figure 5 .12. The mound at Begampur was the closest to the existing site and its plan on the image resembled the plan of stupa in the already excavated site. On discussion with ASI, GPR survey was carried out for this mound, which yielded results giving the features beneath the mound upto a depth of 5 m. The results showed an almost square shaped structure with extended corners and internal cubicles made of brick.
Detailed ground investigations is required to confirm whether the mound is really a part of ancient Nalanda or just another structure, which could have existed at the same time as Nalanda and having its own archaeological importance.
The study using Indian Remote Sensing satellite data has offered a valuable insight into Nalanda site towards establishing baseline information to serve as a repository for further monitoring and archaeological investigations. This has also demonstrated the capability of Indian remote sensing data, in conjunction with ground surveys, to carry out archaeological exploration studies.
Scientific Methods
The present chapter has tried to look into the utility of remote sensing data and scientific methods in solving some of the urban problems. Applying remote sensing technology to urban areas is relatively new and with the advent of high resolution satellite data and advances in digital technology, it has gained momentum.
Some of the requirements of urban planners which remote sensing is able to provide are: 
Feature Extraction and Classification
One of the very basic tasks is mapping of urban/rural settlements. Landcover and land use is an obvious product of remote sensing which is the basic element for any kind of urban planning. The land use map generated by Figure 5 .12: Three mounds as seen on Cartosat-1 and its ground photos thematic classification of a satellite sensor image can be viewed as end product as it constitutes a document showing the existing situation before any planning action. However, it is also a starting point for further analyses. Direct identification techniques like visual interpretation, feature extraction, classification etc., are widely used for image interpretation. Visual or Manual interpretation has so far been recognized as effective tool in urban mapping. But in recent times, there has been a shift to digital techniques which has been improved with the advances in spatial resolution. Traditional techniques used for image classification include unsupervised, supervised, hybrid and fuzzy classification. Various image classification techniques developed include both semi-automatic and automatic techniques and some of the latest information extraction techniques include linear feature extraction, spectral mixture modeling etc. Traditionally, image classification procedures were mainly in the spectral domain, while the latest image segmentation procedures involve spatial descriptors and make use of panchromatic data.
Another important aspect of remote sensing in urban areas is the delineation of urban areas based on the morphological variability of settlements. Urban/rural settlements can be detected through differences in spectral signatures between the built environment and vegetation and crops. Although the fundamental elements of size, color, shape, pattern, texture etc., are used for any feature identification, its shape, texture, pattern, association, contextual information are more effective in classification of urban features and characteristics.
In metropolitan and urban areas, problems relating to rapid transformations in terms of land cover and land use are very pronounced. As a result, availability of timely information on urban areas is of considerable importance. A very basic issue in urban planning has been non-availability of information/database for Master Plan Development Plan preparation for urban areas. Visual and digital techniques are used to map land use/land cover, infrastructure, utilities, topography etc which constitutes urban database at required scale. Multi-scale geospatial database can be generated in association with GIS techniques, which are useful for planning, management and governance of urban areas at various levels. GIS is a major tool in analyzing the urban spatial database and decision making process.
Change Detection
Change monitoring, which requires comparison of two images of different times is an important analysis technique for urban studies. The simplest way to detect change in settlements is to visually compare images at two or more different times. Spatiotemporal analysis helps in studying urban sprawl and growth process. The physical changes in distribution of urban activities can be provided. This helps in measuring and monitoring the location and extent of urbanization. Many dimensions of change can be monitored directly through optical and also microwave data. The size of a settlement is related to the areal extent of built up area which in turn is related to the size of the population. Allometric growth model and Central Place theory has been extensively used to estimate population on the basis of the built-up area extent.
Haphazard development in urban fringes can be monitored using temporal data. In this era of rapid urbanization, it is vital to have a means of monitoring on a global or regional scale. Change detection algorithms include Visual interpretive methods, Post classification comparison, knowledge based visions etc., which are mainly applied on multispectral data. Change detection is also carried out through spatial, textural and numerical analysis. eCognition is one of the very latest techniques used to delineate urban settlements which tries to imitate human visual perception and image understanding, the software generates image objects using multi resolution segmentation.
Fusion and Photogrammetry
Image fusion helps in producing imagery that includes best of both, especially high spatial resolution and spectral resolution which is useful for urban studies. It combines the inherent advantages of each dataset into one. This increases image clarity, allows efficient mapping and maximizing information on urban areas. Some of the existing techniques include Principal Component Analysis, IHS transform, Brovey transform and Wavelet transform being the latest. Merging can not only been attempted on multi resolution sensors but also with GIS data or DEM or ancillary data.
Photogrammetry, is one of the first techniques to have used remote sensing data for measurements. It is a 3-dimensional coordinate measuring technique that uses photographs or images as the fundamental medium for measurement. Images corrected for terrain slope are essential for urban areas so that there is a true representation of each feature and the real change is evident. Towards this process, known as orthorectification, DEM plays a very important role. DEM can also be used for rendering 3D visualizations, urban flood or drainage modeling, terrain analyses etc.
Environment and Transportation Analysis
The environmental impact on urbanization is an important aspect to be included in planning, design and sustainable development of urban areas, for example, slums can be easily and directly identified on satellite imagery. Remotely sensed data and observations are providing new tools for addressing environment related human health problems relevant to human settlements. It is also significant for identifying, measuring, mapping and monitoring characteristics of natural and man-made hazards or disasters. Vulnerability mapping helps in identifying the locations which are at risk from hazards. Post disaster analysis, for example, the extent of flooding and related damage can also be assessed. As the cities/ towns expand, the encroachment and impact on environment is ever increasing. Degradation of water habitats, higher storm water runoff leading to urban flooding etc are some of the environmental issue very much related to urban development. An indicator used in this regard is the impervious surface area which can be derived from satellite data. Thermal infrared data have been applied in analysis of a wide variety of ecological processes that relate directly or indirectly to urban areas. The urban heat island resulting from replacement of natural cover to urban land use can be observed and studied using thermal infrared data. This helps in understanding how urbanization and urban sprawl affect biophysical and land-atmosphere interactions
The most dynamic element of urban area is the various modes of transportation. Road patterns, its width and alignment can be directly identified and digitized from remote sensing data. A detailed feature/asset inventory of items like dividers, sidewalks, culverts, gutters etc can be prepared from high resolution imagery. Alignment of new roads/rail can be determined in conjunction with parcel and environmental data. Capacity of road intersections, turn lanes can be studied by taking images of same location over a period of time.
Historical sites study
Remote Sensing data can be used in detection of historical settlements or archaeological sites with respect to its position in the ancient and modern landscapes. Soil marks and crop marks clearly seen on satellite image are used to identify sites without any ground surveys. Vegetation signatures in multi spectral imagery are very good indicators of archaeological sites. The different state of vegetation on an archaeological site and the natural background gives a different spectral response which helps in easy identification of the sites. Combining DEM with satellite imagery shows a high degree of correlation between signature and elevation which strengthens historical site detection. The boundary walls of archaeological sites can be easily identified which are otherwise difficult to be seen on the ground. By incorporating ancillary layers like soil, hydrology and elevation in GIS along with remote sensing data, the historical features can be related to present existing site.
Urban Modeling
The thematic database/maps generated needs to be further analysed for various applications. Urban models can be used to support planning, policy and management decisions. Urban simulation is the process through which the plans, policies are tested or their efficiency and impact. Automata models and visualization in urban simulation represent the state-of-the art in modeling of human settlements. Two classes of automata which are significant are Cellular automata (CA) and Multi-agent systems (MAS). CA are generally employed for interaction between static units like buildings, parcels, infrastructure objects whereas MAS is used for more fluid like movements. Simple computer animated design models of buildings have been improved upon by virtual reality models which are capable of supporting applications such as urban design, facilities management, environmental analysis, disaster management etc.
Remote sensing analysis in conjunction with urban modeling has potential to provide information needed for planning and management decisions. Planning Support Systems (PSS) incorporate and integrate different data components such as spatial data sets, GIS, urban models etc. Possible future land development scenarios can also be prepared. The use of scenarios is one of the essential concepts in bridging urban modeling and urban planning and management. A link to planners and the public is provided and communicated via scenarios that are defined or explored within a PSS.
Economic Benefits of Remote Sensing & GIS in Urban Applications
The use of remote sensing & GIS technology in urban applications are being operationalised due its advantages in time, cost benefits, reliability over the traditional ground methods. For any urban applications such as urban planning including infrastructure as well as for municipal applications (tax, water supply etc.,) up-to-date maps/ geospatial data are required. The traditional method of preparing maps through ground survey has been time consuming and expensive. These maps require timely updation in phase as rapid development takes place in cities like Delhi, Bombay, Hyderabad, Bangalore. Preparation of maps/geospatial databases are essential for preparing Master plans / zonal plans as ground surveys are impractical for such large areas. However, necessary attribute data such as collecting house hold data, utility data are to be carried out by ground based methods.
The following table provides broad guide lines of economic benefits of using remote sensing and GIS technology from NRSC experience. More than 2 Landuse /Land cover mapping years and GIS database creation for Delhi NRC region (34,000 sq.km) on 1:50,000 Scale. This database is being used for regional plans 2
Cartographic quality Large Scale 10,000 2 years 25,000 More than 3 Mapping on 1:10 K using High years Resolution satellite data. 5000 sq.km covering 40 towns 3
Thematic quality Urban Landuse / 5000/-For 2000 20,000/-More than 2 Land cover mapping and GIS database sq.km years creation for Hyderabad, HUDA region 6 months on 5,000 Scale using High resolution Satellite data. These databases are being used for master/zonal plans and infrastructure plans.
The values shown in table 5.3. are only approximately estimated. The cost and time elements may vary depending upon intended use of map/geospatial database, level of information content, accuracy and time. RS& GIS technologies are effective and suitable for large areas rather than small areas. For example, to prepare a map of town covering 10 sq.km, ground based methods are recommended and for town/city covering more than 100 sq.km, RS &GIS methods are only practical solution. The economic & time benefit ranges from 30% to 60% based scale of mapping, required accuracy and information content by using RS&GIS technologies over the traditional ground methods. Presently, metropolitan urban local bodies are implementing the RS& GIS technologies for preparation of base maps/thematic maps and geospatial databases for Urban Planning.
Conclusions
Spatial maps prepared on a 1:10,000/1:5000 scales using High Resolution Satellites (CARTOSAT) data offer an important "Urban Asset" for urban planning and development. Resources information content derived from remotely sensed data has been "proved useful" for the preparation of Regional Perspective Plans, Master Plans/Development Plans and Infrastructure plan. In archeology, remote sensing data found useful in identifying archeology sites for excavation. Various visual methods and digital techniques are operationally tested for 'data capture' at a higher degree of accuracy and in this respect many "benchmark studies" have been carried out in the country. Urban GIS offers, application driven solutions as a "value addition" for strengthening urban planning and development scenarios. Integration and fusion of satellite derived information with available conventional/ground based data in a GIS environment offers a "valuable outreach" for the success of urban studies.
